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Abstract The GJB2 gene（connexin 26） has been shown to be responsible for DFNB1 and DFNA3. We
screened the GJB2 gene in 488 patients with prelingual deafness（Group 1）, 124 with postlingual deafness（Group 2）,
and 117 normal hearing subjects（Group 3）. We found that, in Group 1, 65 patients（13.32%）were homozygotes or
compound heterozygotes and 51 patients（10.45%）carried a single pathogenic mutation. The 235delC mutation was
the most frequent mutation, accounting for 73.22% of the known pathogenic alleles in Group 1. No homozygotes or
compound heterozygotes were detected in Group 2 or Group 3. Some postlingual deaf patients (2.42%) and normal
hearing subjects（4.27%）were 235delC carriers. Our preliminary data indicate that 235delC, the most frequent muta⁃
tion identified in this study, is a major cause for prelingual deafness.
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Introduction
Hearing loss is the most frequent inherited sensory
disorder in human. Up to date, 93 different deafness loci
have been reported and 39 genes have been identified[1].
Of these, the GJB2 gene, which codes for the protein
connexin 26, is the first to be identified as associated
with autosomal recessive nonsyndromic sensorineural
deafness[2]. Since the initial report on 35delG mutation
by Zelante et al[3], there have been more than 90
reported mutations in this gene, most of which cause
autosomal recessive nonsyndromic sensorineural
deafness and a few cause autosomal dominant hearing
loss. However, frequencies of these mutations vary
among different ethnic populations. For examples,
35delG is the most common in Caucasians in Europe
and mid-western USA, with carrier rates between 1.5%
and 2.5%. In Ashkenazi Jews, 167delT is most common,
with a carrier rate of 4.03% . Among the Japanese,
235delC is the most common and the carrier rates are
0%-1% [4]. In Ghana，R143W is the most common[5]. In
China, Liu et al[6] has estimated that the GJB2 mutation
rate in sporadic nonsyndromic hearing loss patients is
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39% . The 235delC mutation is the most prevalent
mutation（20.3% of alleles）, accounting for 81% of the
pathogenic alleles in multiplex cases and 67% in
simplex cases. To further characterize the distributions
of GJB2 mutation and to establish the causal role of this
gene for prelingual deafness, we screened this gene in
patients with pre- and postlingual sensorineural
deafness, and in normal hearing individuals.
Materials and Methods
Subjects
Three groups of subjects were included in this
study. Group 1 included 488 unrelated patients with
nonsyndromic prelingual hearing loss（onset under 3
years of age）, of which 355 were students in deaf
schools in Gansu province of China and the rest 133
were patients visitng the Department of Otolaryngology,
Head and Neck Surgery, Chinese People’s Liberation
Army General Hospital（Beijing, China）. Group 2 con⁃
sisted of 124 unrelated patients with nonsyndromic post⁃
lingual hearing loss. Of these, 17 were students in deaf⁃
ness schools in Gansu province and 107 were identified
at the Department of Otolaryngology, Head and Neck
Surgery, Chinese People’s Liberation Army General
Hospital. Group 3 was composed of 117 normal hearing
subjects. All of the students from deaf schools had se⁃
vere to profound deafness and used sign language for
communication. The degree of hearing loss in patients
visiting our department ranged from mild to profound.
All of the patients enrolled had no history of infection,
noise exposure, use of ototoxic drugs or trauma. In⁃
formed consents were obtained from all the participants
before enrollment and all study procedures were con⁃
ducted according to the protocols approved by the Eth⁃
ics Committees of the People’s Liberation Army Gener⁃
al Hospital.
Audiological testing
Children who were able to provide reliable respons⁃
es were evaluated using pure-tone audiometry. Other⁃
wise, auditory steady-state reinforcement（ASSR）test⁃
ing was used to measure the hearing threshold. To assess
the degree of hearing loss for each patient, the mean
threshold value over the frequencies of 500, 1000, 2000
and 4000 Hz was calculated for each ear.
Molecular genetic analysis
DNA was extracted by the phenol method. The cod⁃
ing region for GJB2 was amplified using PCR. A forward
primer（5′ -TGCTTACCCAGACTCAGAGAA-3′ ）
and a reverse primer（5′ -CGACTGAGCCTTGA⁃
CAGCTGA-3′ ） were used for amplifying an 863
base-pair（bp） fragment containing the entire exon 2.
The initial PCR was performed as following: 1) denatur⁃
ation at 95°C（5 minutes）; 2) 10 cycles of denaturation
at 94 °C（30 seconds）and annealing at 68 °C（30 sec⁃
onds）with the annealing temperature being reduced by
0.5 ° C per cycle; and 3) elongation at 72 ° C (30 sec⁃
onds). This was followed by additional 25 cycles of dena⁃
turation at 94° C（30 seconds）, annealing at 63° C（30
seconds）and elongation at 72° C（30 seconds）. The fi⁃
nal extension was at 72°C for 7 minutes. All PCR prod⁃
ucts were purified and subjected to sequencing in both
directions on a DNA sequencer（ABI 3730）.
Results
Mutations in prelingual deafness
We found 22 types of mutations in Group 1: five
polymorphisms（109G>A, 79G>A, 341G>A, 608T>C,
and 368C>A）, five frame shift mutations（176del16,
235delC, 299-300delAT, 35delG, and 504insGCAA),
two neutral sequence variations（225G>T and 558G>A）,
two nonsense mutations（139G>T and 408C>G）, and
eight missense variants（263C>A, 427C>T, 94C>T,
53C>T, 203A>G, 232G>A, 455A>G, and 571T>C）（Ta⁃
ble 1）. The 235delC mutation was the most frequent, ac⁃
counting for 73.22% of the known pathogenic alleles.
Sixty-five subjects were homozygotes or compound het⁃
erozygotes（13.32%）. Fifty-one subjects carried single
pathogenic mutant (10.45%)（Table 2）.
Mutations in postlingual deafness
We found six types of mutations in Group 2: five
polymorphisms（109G>A, 79G>A, 341G>A, 608T>C,
and 368C>A）, and one frame shift mutation (235delC).
No homozygote or compound heterozygote was found in
exon 2. Three subjects were 235delC carriers.
Mutations in normal hearing subjects
Three polymorphisms（109G>A, 79G>A, and 341G>
A）and two frameshift mutations (235delC) were found
in Group 3. Five subjects were 235delC carriers
(4.27% ). One subject was a 299-300delAT carrier
(0.85%).
Severity of hearing loss in prelingual deafness
Hearing evaluation was completed in 116 subjects
in group 1 and there were no mild hearing loss（21-40
dBHL）cases in this group. GJB2 homozygotes or com⁃
pound heterozygotes accounted for 15.71%（11/70）of
profound（> 90 dB HL）cases, 21.21%（7/33）of severe
··19
Journal of Otology 2007 Vol. 2 No. 1
（71-90 dB HL）cases, and 7.69%（1/13）of moderate
(41-70 dB HL) cases. Hearing loss in 235delC/235delC
carriers ranged from moderate to profound in（Table 3）.
Discussion
Mutations in GJB2 are major contributors to autoso⁃
mal recessive deafness and, to a small percentage, to au⁃
tosomal dominant deafness[7]. The present study is fo⁃
cused on the prevalence and types of mutations in pre-
and post-lingual deaf patients and in normal hearing
subjects in the Chinese population. In the prelingual
deafness group, 22 mutations were detected. It is not
clear if the five mutations(53C>T, 203A>G, 571T>C,
455A>G, and 232G>A) are pathogenic, because each oc⁃
curred only once. Four of these mutations（53C>T,
203A>G, 571T>C, and 455A>G）appeared in the form
of heterozygotes, while the 232G>A mutation joined
with 235delC to form a compound heterozygote. Al⁃
though we are unable to determine their exact functions
at this time, we can conclude that there is a great diversi⁃
ty of GJB2 mutations in the Chinese deaf population.
GJB2 mutations have been detected in various ethic pop⁃
ulations with different mutation type distributions. For
example, 35delG is the most frequent in Caucasians
while 167delT in Ashkenazi Jews. Our results indicate
that 235delC is the most frequent in Chinese prelingual
Nucleotide change
109G>A
79G>A
341A>G
608T>C
368C>A
225G>T
558G>A
176del16
235delC
299-300delAT
504insGCAA
35delG
139G>T
408C>G
263C>A
427C>T
94C>T
53C>T
203A>G
232G>A
455A>G
571T>C
Protein change
V37I
V27I
E114G
I203T
T123N
R75R
T186T
E47X
Y136X
A88E
R143W
R32C
T18I
Y68C
A78T
Y152C
F191L
Prelingual
deafness (976)
20
261
183
15
3
1
1
7
134
23
1
6
1
7
1
2
1
1
1
1
1
1
Postlingual
deafness (248)
10
56
49
1
1
3
Hearing
subjects (234)
12
77
59
5
1
Mutations type
polymorphism
polymorphism
polymorphism
polymorphism
polymorphism
neutral
neutral
frameshift
frameshift
frameshift
frameshift
frameshift
nonsense
nonsense
missense
missense
missense
missense
missense
missense
missense
missense
Putative allele
type
——
——
——
——
——
——
——
Recessive
Recessive
Recessive
Recessive
Recessive
Recessive
Recessive
Recessive
Recessive
Recessive
unknown
unknown
unknown
unkmown
unknown
Table 1. Frequencies of mutated alleles
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Genotype
235delC/235delC
235delC/wt;139G>T/wt
235delC/wt;176del16/wt
235delC/wt;263C>A/wt
235delC/wt;299-300delAT/wt
235delC/wt;427C>T/wt
235delC/wt;94C>T/wt
299-300delAT/299-300delAT
299-300delAT/wt;427C>T/wt
299-300delAT/wt;504insAACG/wt
35delG/35delG
35delG/wt;235delC/wt
235delC/wt
299-300delAT/wt
408C>G/wt
35delG/wt
504insAAGC
235delC/wt;232G>A/wt*
53C>T/wt*
571T>C/wt*
455A>G/wt*
203A>G/wt*
Prelingual deafness
(488)
42
1
5
1
4
1
1
5
1
1
1
2
34
7
7
2
1
1
1
1
1
1
Postlingual deafness
(124)
3
Normal hearing
subjects(117)
5
1
* not counted in calculating frequencies.
Table 2. Distribution of GJB2 mutations in the three groups
235delC/235delC
235delC/wt;176del16/wt
235delC/wt;263C>A/wt
235delC/wt;299-300delAT/wt
Mild Moderate (13)
1
Severe (33)
5
1
1
Profound (70)
5
3
2
Table 3. Audiologic data associated with different GJB2 mutation types in 116 prelingual deaf subjects
deaf patients. This finding is consistent with the results
for other oriental populatio- ns[6, 8, 9, 10]. For the 488 spo⁃
radic prelingual deafness patients, we estimate that the
proportion of homozygotes and compound heterozygotes
was 13.32%. The 235delC carrier rate is estimated to be
4.27% for our normal hearing subjects, which is higher
than previously reported[6, 10]. No homozygotes or com⁃
pound heterozygotes were found in our cases with post⁃
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lingual deafness. Three subjects were found to be
235delC carriers, giving a carrier rate close to that for
the normal subjects（5 out of 117）. The frequency of the
GJB2 pathogenic mutants is therefore much higher in
prelingual deafness than in postlingual deafness, sug⁃
gesting its close association with prelingual deafness in
the Chinese population.
Of the 133 prelingual deaf subjects identified in
this study, 116 received complete audiological testing.
The lack of mild hearing loss cases in this group is
likely due to the fact that mild hearing loss is often
ignored by patients, resulting in less frequent visits to
health care professionals. Mutation-associated hearing
loss ranged from moderate to profound, but the
proportion of homozygotes or compound heterozygotes is
higher in severe and profound deafness patients. That
the same 235delC/235delC genotype can cause different
degrees of hearing loss (mild to profound deafness)
indicates audile phenotype differences in individuals.
Of the 488 subjects with prelingual deafness, 51
(10.45%) were found to have a single mutation. This is
much higher than in those with postlingual deafness.
There may be two explanations for the 10.45% of carrier
rate of single GJB2 mutants in the Chinese deaf
populations. First, other mutations or modifiers that
interact with GJB2 may also impact prelingual hearing
loss[11,12]. Secondly, other non-coding regions may
participate in regulating GJB2 gene expression.
Our study has once again confirmed that 235delC
is the major cause for prelingual deafness. The 2.42%
carrier rate in postlingual hearing loss patients and the
4.27% carrier rate in normal hearing subjects indicate
high rate of GJB2 variation in the Chinese population.
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